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' I, RESEARCH INVESTIGATIONS 

A, Program Objectives and Major Considerations. 

This Interim Report has been prepared for NASA, Electronic 
Research Center, covering the four-month investigation conducted 
under Contract 12-136 during the period June, July, August, and Sep- 
tember, 1966, 

The fundamental aims of this study were directed toward the 
development of an analog statistical switch capable of processing infor- 
mation for adaptive control devices, This statistical switch may be 
employed in a combined logic-memory system. The concept conceived 
and adopted for  the processing of information transforms signals, images, 
or events (briefly referred to as a "pattern") to be recognize4 into more 
than one discriminant function, each of which represents a distribution 
of a particular property of the pattern to be characterized. Accordingly, 
various property distributions would be processed from a particular 
pattern-for example, a Poisson distribution, which is well  suited to 
describe properties of a signal or pattern such as the one present in 
an electrical signal known as zero crossings. Additionally, perhaps 
a Raleigh distribution could represent the distribution of another pro- 
perty of the pattern, such as modulation intensity properties and so on. 
Each one of these property functions would be a composite (not elemen- 
tary) distribution function, which could be electronically processed, and 
could be used to find or derive a generalized discriminant function, A 
set of such generalized diszriminant functions, each one derived from a 
particular property of the pattern, could then be used for recognizing a 
particular pattern presented to the machine. In a further step the mu- 
tual probabilities of these probability functions can also be utilized in the 
recognition process, It is assumed that the various property distribu- 
tion and discriminant functions are characterized byafairly small  number 
of representative samples, and require first of all a multi-level storage 
system, which can preferably be simultaneously interrogated, and can 
also, in a,later development, be trained. 

The theoretical portion of the study undertaken may be broken 
down into three areas: 

1, Char act e ris tic features of various re  pr e s entat ive distribution 



2 

functions were established and tabulate d. 

2. Mathematical considerations were given to the dividing of 
arbitrary distribution functions into the sum and product of simple dis- 
tr ibut ion functions. 

3. An analysis was made of simple distribution functions andlor 
composite distribution functions, which are best suited to represent a par- 
ticular property of the pattern to be recognized. 

4. Consideration was given to  a system in which a set  of pro- 
perty discriminant functions a re  used for recognizing a particular pattern, 

In order to understand the theoretical objectives listed above, 
certain experimental work was begun to  demonstrate an electronic device 
capable of processing density distribution functions and storing and trans- 
forming up to sixkeen samples of arbitrary functions in a mock logic-memory 
system. 

B. Theoretical Studies. 

Three tables of probability (density) functions have been xompiled, 
and their characteristic features have been tabulated, (Hereafter. these 
functions will be referred to simply as 11 distribution functions, ' I )  

1, Table I contains the more significant distribution functions, 
each of which can be electronically processed., 

2, Table I1 contains discrete distribution functions. Of those 
enumerated, the Poisson is the only one for which we have found an elec- 
tronic method of processing, 

3. Table I11 contains those distribution functions which Medgyessy 
has found suitable for superposition and which he has tested mathematically. 

The representation of a composite distribution function in terms 
of elementary distribution functions is a sophisitcated mathematical task 
due to the fact that a particular wave form, periodic or non-periodic, must  
satisfy some mathematical criteria in order to be suitable for such a de- 
composition process. However, Medgyessy gives in his book the mathe- 
matical cri teria for those elementary distribution functions which are suit- 

, able for the representation of composite distribution functions by superpo- 
sitions. According to his findings, there are about eight distribution functions 
(see Table 111) which can be used. (The characterization of those distribu- 
tion functions already given in Tables I and I1 are not repeated in Table III. ) 
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An analog statistical switch may be defined as a switch which 
responds to a particular distribution of analog signals. Such a switch 
may sometimes be regarded as a special filter, It may also be looked 
upon as a pattern discriminator, 

As a conceptual example of a pattern discriminator using the 
analog statistical switches just described, or, more accurately, an  
analog associative memory, Figure 1 is included, The property dis- 
tribution processors di(x) give the distributions of the various proper- 
ties of a particular pattern, such as frequency spectrum, zero crossings, 
density distribution of peaks with amplitude, etc. The autput of each dis- 
tribution processor feeds into a set of statistical switches gj [di(x})epre- 
senting typical distributions within a particular (i) class of properties. 
The outputs of the various groups of statistical switches are discriminated 
in a flag, and the outputs of the g a g  are further processed in the response 
device (shown schematically), More details are given later in this report. 

The focal point of this study was to  determine the conditions which 
must be met by an electronic processor to extract the distribution of a par- 
ticular property such as frequency spectrum, zero crossings, etc, , from 
an  electrical signal, From studying the mathematical properties of a par- 
ticular type of distribution, it becomes clear from both the extraction of 
sets of samples and the organization of these sets into a distribution , which 
properties can be best characterized by its use. For example, the Poisson 
distribution is well suited to describe a process such as the one present 
in an electrical signal known as zero crossings, which would appropriately 
characterize the conture lines of a picture or simply give a line drawing 
of a picture. In contrast, a pure, normal distribution describes events 
which are not interrelated and give amplitude information useful for filling 
in the line drawing characterized by the Poisson distribution, According 
to this concept for  characterizing ths various properties, appropriate dis- 
tribution functions are used, This characterizathn of the various distri- 
bution functions will later permit the specification of various electronic 
devices which are suitable for the extraction of some particular features 
from an electrical signal, Table IV gives examples of properties the dis- 
tributions of which may be most aptly described by a particular distribu- 
tion function, Although' this %mark actually constitutes only a beginning 
step toward the characterization of electrical signals by some of their 
composite (not elementary) distribution functions, it served, however, the 
purpose of offering a more realistic approach t o  the design requirements 
of a multi-level logic-memory, which, as a result of 'the discussions con= 
ducted with Dr, David Van Meter on September ZQth, may now be appro- 
priately referred to as an "analog associative memory, 11 
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C, Analog Associative Memory, 

Based on the theoretical investigation undertaken, and our 
discussions with NASA personnel, the need for work on an analog 
associative memory has developed as one of the primary areas for 
investigation under this contract. An analog associative memory..:i 
would permit one to compile and interrogate complex information 
by handling whole functions in the computational process, The ferri-' 
electric memory-logic system advanced by Electrocristal will permit 
one to handle multi-level storage features for any one representative 
property vector, 

f t  should be noted that before the design of an analog associa- 
tive memory can be undertaken, a number of questions need to be 
answered, some of them of a theoretical, others of a practical, nature. 
These include: 

% 
1, In what form will an analog signal be presented to the 

ass oc iat ive m em or y ? 

2. Will the analog signal presented be phase sensitive? 

3, Will  the interrogating signals have. some deviation from 
the distribution functions stored in the analog associative memory? 

2. If there should be a deviation from the stored discrimin- 
ant function, what would be the nature of this deviation? Is it a ran- 
dom deviation? And, regardless of the nature of the deviation, what 
type of flexibility could be built into the associative memory so as to 
take care of such fluctuation? 

5. Is a normalization of the input signal required? 

(6. How should the structure of the matrix be organized? 

7. What type of sensing flag should be used to detect a response? 

8, Should the interrogation of the memory matrix be parallel 
or sequential, or should it be parallel and sequential? 

Although the advantages of an associative memory are well 
known to those who a r e  actively interested in seeking new communica- 
tion techniques and software, little or no work has been done on analog 
ass oc iative m em o r  ie s . Some of the more not able\pr oble m s !, as s ociate d 
with developing such a memory may be listed as follows: 
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1, Multi-leveZ storage 

2, Simultaneous interrogation of a large matrix 

3, Signal to noise ratio for equality matches, etc, 

4, Statistical deviations between interrogating and stored functions 

D. Expe rim ental Investigations, 

An experimental model for processing density distribution functiolrs 
. from various types of input signals was built and tested. A circuit diagram 

of this model is attached, (See Figure 2,) The basic principle of operation 
of this circuit is, briefly, as follows: A trigger circuit is operated by the 
peaks of the signal as the trigger level is slowly swept across the whole sig=. 
nal amplitude. On the output, the number of peaks can be integrated, and 
the integrated signal can be displayed on a scope, The sweep frequency 
must be slow in order t o  obtain a sufficient statistical average. In the 

implest sense, this type of circuit gives, for example, a Gaussian distri- 
ution function if the input receives a random noise signal. This circuit 

is a typical distribution function processor. 

It has become obvious that the speed of such a processor is too 
slow; and for this reason it is desirable to develop a higher speed device, 
The principle of such a high speed device can be outlined as follows: 

The signal would be fed into a multi-level detector, On the out- 
put of each level, the pertinent peak densities can be integrated, Since 
such a processor would not be a sequential, but rather a parallel operating 
device; the speed could be increased to a suitable level, The development 
of such a device is at this moment deferred to a later date, since the most 
important task in this research period is to define and develop a statistical 
switch incorporating the various novel features already described. 

A basic building block approach was followed in order to establish 
future adaptive control devices which include learning features, For this 
purpose, a logic memory storage system capable of handling sixteen samples 
is planned. The objective of this experimental investigation is to provide 
hardware which can expand and compress a particular distribution function 
on a controlled experimental basis, In other words, it would become pos- 
sible to generate families of similarity (affine) functions, and these functions 
woad represent a variable pitch internal model with which an incoming sig- 
nal can be cor~elated.  In the final solution, feedback and synchronizing 
features w i l l  also be incorporated, 
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The experimental work described above is designed to  imple- 
ment this flexible internal model or flexible word. The build-up of this 
experimental model requires the development of the following items: 

1, Driving cards, 

2, A sequential flip-flop chain, the switching speed of which 
is variable. 

3, A sixteenabit Transpolarizer memory unit, each bit of which 
contains two Transpolarizers, one of which produces the flexible internal 
model, and the second of which contains the signal to be interrogated, 

4, Various auxiliary circuitries. 

Figure 3 represents a preliminary concept of an analog associa- 
tive discriminator denoted by g1 cdl(x)] 
having a flexible fluctuating internal distribution function represented by 
discrete samples of the just  mentioned distribution function and by the 
settings of the Transpolarizers in Column 1 b, while the incoming signal 
can be simulated by the settings of the Transpolarizers in Column 1 a, The 
fluctuations may represent any sort  of linear or nonlinear transformations 

d afford the producing of desired similarity distribution functions in a 
clustered manner around a typical distribution. For the time being, an 
arbitrary number of sixteen Transpolarizers wil l  be used for this experi- 
mental model, The Transpolarizers in each column can be set to arbi- 
t ra ry  levels by the application of a potential to the control points of the 
Transpolarizers. Each Transpolarizer column can be sequentially driven 
by the drivers D 1, D 2, . . ,Dn, The drivers a re  driven by a driver logic 
which generates sixteen sequential outputs as a clock pulse input drives 
the logic. This driver logic is constructed in such a manner that after a 
single sequence of driving pulses has switched the sixteen Transpolarizers 
through a complete cycle, an additional seventeenth driving board is acti- 
vated. This driving board sends out an opposite polarity restoring pulse 
and switches all sixteen Transpolarizers back to their original stand-by 
condition, 

g2 cbl(x) 1 , , , gn )-b1(x)], 

This very same driving system is applied to the flexible internal 
stored function as well as to the Transpolarizers which simulate a particu- 
lar distribution function of an incoming signal. 

As,Figure 3 shows, the switching is for the time being so set that 
opposite polarity outputs are obtained from the two Transpolarizer columns 
a and b, IThis way it becomes possible to subtract the incoming distribution 
from the model distribution, and to obtain a difference distribution for further 
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use, It also will  become possible to  drive the internal model with a 
variable frequency and as a consequence a cluster of similarity func- 
tions can be produced for comparison purposes. The transformat 
of the various similarity functions can also be linearly or  nonlinear 
accomplished, 

Although in the first breadboarded models discrete Trans- 
polarizers will be used, in future devices a memory element repre- 
senting a whole multi-level analog function can be fabricated in a flat 
pack and would be comparable to a whole memory word in an ordinary 
computer, Large matrizes of such structures will  become feasible 
later where, in a cross point, so to speak, we may have a whole ana= 
log function instead of a binary 1 or  0. 11 I t  1 1  I t  

It is not considered necessary to make a detailed comparison 
between a simple binary matrix and a matrix having whole analog func- 
tions stored and organized for interrogation. It is apparent that while 
in a binary representation the possible number of words is 2", the 
possible number of words in a multi-level representation having n 
levels becomes nn, 

11 11 

11, INTERPRETATION OF RESULTS 

In summary, it can be stated that the theoretical investigations 
show interesting possibilities for: 

1, A system utilizing memory-logic elements 

2, Flexible stored functions 

3, Analog associative memories, 

Based on the preliminary studies, a modest laboratory mock-up 
is being assembled. This apparatus will  be employed in an experimental 
investigation to further document the feasibility of handling whole analog 
functions represented by samples in a memory Fnocess, This work has 
further shown that a kedportion of the entire conoept will involve an ana- 

memory, and thus the research efforts for the coming 
entrated on such an analog associative 
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111, RECOMMENDATIONS FOR FUTURE ACTION 

In the first phase of Contract No, .12-136, Electrocristal 
undertook the development of 'analog statistical function discriminator 
concepts which could be employed in adaptive control and learning 
systems, This work has pointed out the need for additional investi- 
gations in that portion of an adaptive computing system which may be 
defined as an analog associative memory, We therefore propose that 
a second phase of the program be initiated, directed specifically towards 
the establishment of concepts and demonstration laboratory hardware 
which will  prove the feasibility of an analog associative memory em- 
ploying ferfielectric storage elements, 


